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Question 2 
Intent of Question 
The primary goals of this question are to evaluate a student’s ability to: (1) identify and compute an appropriate 
confidence interval, after checking the necessary conditions; (2) interpret the interval in the context of the 
question; and (3) use the confidence interval to conduct an appropriate test of significance. 
Solution 
Part (a): 


Step 1: Identifies the appropriate confidence interval by name or formula and checks appropriate conditions. 


Two sample z confidence interval for pp — py , the difference in the proportions of parts meeting 








specifications for the two shifts OR (Pp — py) + z { Pp ae Pp) + PN ie Py) : 
D N 


Conditions: 1. Independent random samples from two separate populations 
2. Large samples, so normal approximation can be used 


The problem states that random samples of parts were selected from the two different shifts. We need to 
assume that these parts were produced independently. That is, each employee works the day shift or night 
shift, but not both, and the machine quality does not vary over time. Since the sample sizes are both 200 and 
the number of successes (188 and 180) and the number of failures (12 and 20) for each shift are larger than 
10, it is reasonable to use the large sample procedures. 


Step 2: Correct mechanics 








~ _ 188 _ ~ — 180 _ 
Po = 309 = 0.94 and py = 200 = 0.90 
0.94 x 0.06 , 0.90.1 
= + 
(0.94 — 0.9) + 2.05374 00 + 00 


0.04 + 2.0537 x 0.0271 
0.04 + 0.0556 
(-0.0156, 0.0956) 


Step 3: Interpretation 


Based on these samples, we can be 96 percent confident that the difference in the proportions of parts meeting 
specifications for the two shifts is between —0.0156 and 0.0956. 
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Question 2 (continued) 
Part (b): 


Since zero is in the 96 percent confidence interval, zero is a plausible value for the difference Pp — Py , and 


we do not have evidence to support the manager’s belief. In other words, there does not appear to be a 
Statistically significant difference between the proportions of parts meeting specifications for the two shifts at 
the a = 0.04 level. 


Scoring 


Part (a) is scored according to the number of correct steps. Each of the first three steps is scored as essentially 
correct (E) or incorrect (I). Part (b) is scored as essentially correct (E) or incorrect (1). 


Notes for Step 1: 
The student must identify an appropriate confidence interval and comment on both independence and 
large sample sizes in order to get this step essentially correct. 
Minimum amount of information on independence and large sample sizes needed for an essentially 
correct response: independence with a check mark AND an indication that the number of successes and 
the number of failures is larger than 10 (or larger than 5) for both samples. 
The student does not need to restate the fact that these are random samples. 


Notes for Step 2: An identifiable minor arithmetic error in Step 2 will not necessarily change a score from 
essentially correct to incorrect. 





Alternative Solutions for Step 2 





Procedure 96% Confidence Interval 


Calculator (—0.0155652, 0.0955652) 

















Wilson Estimator (—0.0169858, 0.0961937) 





Part (b) is essentially correct (E) if the student comments on the fact that zero is contained in the confidence 
interval and the justification links this outcome to a 96 percent confidence level, or a 0.04 significance level, and 
includes a statement indicating that the data do not support the manager’s belief that there is a difference in the 
proportion of parts that meet specifications produced by the two shifts. 


Part (b) is incorrect (I) if the student says no because zero is in the confidence interval OR simply says no without 
providing relevant justification. 


Note: Ifa 95 percent confidence interval is used, then the maximum score is 3. 
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Question 2 (continued) 
Complete Response 


All three steps of the confidence interval in part (a) are essentially correct, and part (b) is essentially 
correct. 


Substantial Response 
All three steps of the confidence interval in part (a) are essentially correct, and part (b) is incorrect. 

at Two steps of the confidence interval in part (a) are essentially correct and part (b) is essentially correct. 
Developing Response 
Two steps of the confidence interval in part (a) are essentially correct, and part (b) is incorrect. 

rae step of the confidence interval in part (a) is essentially correct, and part (b) is essentially correct. 
Minimal Response 
One step of the confidence interval in part (a) is essentially correct, and part (b) is incorrect. 


OR 
Part (b) is essentially correct. 
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ah 
2. A large company has two shifts—a ax shift and a night shift. Parts siattieed: by the two shifts must meet the . 
same specifications. The manager of the company believes that there is a difference in the proportions of parts 
produced within specifications by the two shifts. To investigate this, belief, random, samples of parts that were. 
produced on each of these shifts were selected. For the » day shift, 188 of its. 200 selected parts met A specifications. 
-For-the night shift, 180 of its 200 selected parts ‘whet specifications--~-~ 


(a) Use a 96 percent confidence interval to estimate the difference in the. proportions of parts produced: within 
specifications by the two shifts. 


dey Oi rion oF parts prduced within the dais 
Pe "peat On of GartS produced Ulm reine a Qh sas. 
= £82’ 9 QU 9, = Wo = Og. , 
oi eh 200 
= wal ySe a a proportions 2 ln 


corr ns al corttiriens a . 
ples ove taken an 
2 ie size — aoe aye 18075 V 


te 3) 25a oH) qu) IV MetieB)= 2000. I= 2IHV 
NOP, C 4 
bo ek [hoe 


_ (0a4- 09) + 2.054 (OSEAN POR MCHA = (0,016 0. 09K) 


2 ince poprtin 
“we Ke Oh confident sore brat the ee aitFerenc 
& parts oraticed wer SOR Aas TM the AW ifs Goerween ~p.dlband 4.0% 


(b) Based only on this confidence interval, do you think that the difference in the proportions of parts produced 
within specifications by the two shifts is significantly different from 0 ? Justify your answer. 


I do nor ink Rin gerd ENICE WANE PRCIUNS OF 
Parts produced Wei, a6 ICATIONS bY MME TUS 
shifis is sgaiFicamy a fom Z2éro. Zero 

ies in the OH /o ae \iterval ard. both 
lune Limit and Upper Net of the 6. confidence 


wrerval are very close +o 0. 


nga ent oan ete anc pmarmeeaninurnnanbutiiienarnineantier mbit inane danas taMttte ek 
ernment cnenaennst mt scene 


BO) 









GO ON TO THE NEXT PAGE. 
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-2. A large company has two shifts—a day shift and a night shift. Parts produced by the two shifts must me met the 
same specifications. The manager of the company. believes that there is a differepce-in th eproportionsof ; Parts 
produced wit within specifications by the two shifts. To leet aed this les randgn samp ak of parts that were 
roduced on each of these shifts were selected. For the 20 parts met specifications. 
‘For the night shift 200 sele 


of its 200 selected parts | met specifications = 


See 
(a) Use a 96 percent confidence interval to estimate the difference in the proportions of parts ae within 
specifications by the two shifts. 


: ( Seonple size ok day sieese = 200 






fe C prepare of selected parts met specttt caktovis) = {ey 
N» Csavae g2e vite SRE) =200 a 
Pi cpr peste of epfected paras met specttecations) = Son 


difference 7 prportions oP parts priduced otthin spect Croton 
by two atts 


2- Proportion Zz eet url be used . 


C C-Level 10.96 7 
* conditions: >. eae =(88, MCI- p= 22, Depa 180, ne Cp) = = 20 > 10 


Random sampe. Caf wen): We ah assume day Seas and 
right shit ave, “wleperdench. 
Left = -o.o1ssT —. Rughkt = uaa eoes 
(-0, 01559, 0.095567) 


(b) Based onl on: this <onfidene interval, do you think that the citferease in the proportions of ~Dates produced 


' 


Hes pg! =o 
las - Py FO. 
Since, 0 15 in the 96 percent corfidence- mteyval, We 
hwe not enough evidence to eject He. Theye fove , the 
aierence Tn +he pre (ions of paras prduced Otthimy 
speerkicodion 5 by tho two li Ts net siquitfteantly 


: ck event vom 0. 
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aC 
. A large company has two shifts—a day shift and a night shift. Parts produced by the two shifts must meet the 

same specifications. The manager of the company believes that there is a difference in the proportions of-parts 
produced within specifications by the two shifts. To investigate this belief, random samples of parts that were - 
produced on each of these shifts were selected. For the day shift, 188 of its 200 selected parts met specifications. 
For the-night shift, 180 of its 200 selected parts met specifications. 


(a) Use a 96 percent confidence interval to estimate the difference in the proportions of parts produced within 
specifications by the two shifts. 


pO + 0.56 
= ~6.0\660 to 0.096 — Conlidenco level 76% 


Cobdtdence mterval Lor Prom Pa, where Pp fe the ropotow Pov jhe. day 
ait, avd ps she viight clift . 


(b) Based only on this confidence interval, do you think that the difference in the proportions of parts produced 
within specifications by the two shifts is significantly different from 0 ? Justify your answer. . 
Since the corfidenoe ivieeval omnlans O , Which mndiodes there i no_ Aiffoence , 
The two prpertiovs ove Not vignitrandly diffeseat ot A=) .0A. Based ov 
dhe coyfsdence Mirval, thee is net enough evidence te suggest thot 
there bs a stotistieally signitScont Aiterence betwen the proportions of 
the produce within spectteatins Sor tx0 clout fle , | 
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Question 2 


Sample: 2A 
Score: 4 


This essay identifies and computes a 96 percent confidence interval for the difference in two population 

proportions, uses the confidence interval to test the null hypothesis that the proportions are equal, and reaches 

appropriate conclusions. A correct formula for the confidence interval is provided and correct numerical 

substitutions into the formula are made. The assumption of independent samples is checked. The quantity 

yee 7 P;) sf pd = P) 
ny ny 








may not provide an appropriate standard error if the samples are not independent. The 


essay also shows that the sample sizes are large enough to accurately use the 98th percentile of the standard 
normal distribution in constructing the 96 percent confidence interval. The essay provides a good interpretation of 
the confidence interval with respect to estimating the difference in the proportions of parts that meet specifications 
for the two shifts. Part (b) clearly indicates that there is not sufficient evidence to support the manager’s belief 
that the proportions are different, because the 96 percent confidence interval for the difference in the proportions 
contains zero. Although this essay lacks a direct connection to a significance level in part (b), and it switches to a 
95 percent confidence level, it was scored as essentially correct. 


Sample: 2B 
Score: 3 


In part (a) the essay clearly identifies the two proportions and corresponding sample sizes. A two-sample Z 
confidence is specified, and the lower and upper limits are correctly evaluated. Further, the essay presents the 
assumption that the day shift and night shift results are independent, and it explicitly checks for sufficiently large 
sample sizes. However, it fails to provide any interpretation of the confidence interval in part (a). The appropriate 
null and alternative hypotheses are stated in part (b), and an appropriate conclusion is reached by noting that the 
confidence interval includes zero. This essay also would have been stronger if it had made a connection between the 
96 percent level of confidence and the a = 0.04 level of significance. 


Sample: 2C 
Score: 2 


This essay provides a good response to part (b) that uses the result that the confidence interval contains zeros to 
conclude that at the a = 0.04 level of significance there is not enough evidence to conclude there is a difference 
between proportions of parts that meet specifications for the two shifts. In part (a) a correct 96 percent confidence 
interval is provided, but the essay does not identify the procedure for constructing the confidence, either by formula 
or in words; it does not address the assumptions of independent samples and large sample sizes; and it does not 
provide any interpretation of the confidence interval. 
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